Cytisus scoparius L. is a plant commonly grown in parks, on highway margins, and in urban green spaces due to its beauty and flowers. It belongs to the family Fabaceae. The allergenicity of its pollen grains has been demonstrated (Majd & Rezanejad,2004); however,the allergenicity of thevery fragrant petals and its severitycompared withthat of maturepollen grains are unclear. Therefore, our aim was to investigate the allergenicity of pollen grain sand extremely fragrant petal songuinea pigs. In this study, buffered mature pollen extract and buffer extracts of petals at two ontogenic stages of old and middle-aged plants were prepared at a concentration of 16% and injected intra peritoneally and subdermally into guinea pigs. After the injection of extracts into the peritoneumfor 5 weeks, at 1-week intervals, blood samples were collected from the animals, and the levels of blood sugar, eosinophils, and serum IgE were measured. Clinical tests showed that the most potent stimulator of the immune system was the pollen extract, followed by the petal extract of middle-aged plants and old petal extract. In addition, electrophoretic profiles revealed approximately six specific protein bands that ranged from 15 to 85 kDa in the soluble pollen protein fraction, four protein bands between 27 and 85 kDa in the soluble fraction of middle-aged petal proteins, and approximately three faint protein bands between 45 and 85 kDa in the soluble protein fraction of old petals.
Background
From the viewpoint of an allergist, any immunogenic protein in the correct form and in sufficient quantity in the immune system of anatopic individuals, who are who produce specific IgE antibodies when exposed to common environmental antigens (1) , can become an "allergen" (2) . In rare cases, chemicals that have a low molecular weight, such as isocyanates and anhydrides, acting as haptens (non-protein relative antigens that cannot stimulate the antibody manufacturing process on their own, but if combined with a carrier protein, can stimulate the immune system (3) ) can act as allergens for IgE antibodies (4, 5) .
Since the initial study at the molecular level in the late 1980s, thousands of allergens from various sources, including pollen, mites, molds, animal dander, insect venoms, latex, and essential oils, are known and have been sequenced. Allergens database number also been established, which contains the official list of allergens, such as allergome database (http://www.allergome.org) and the inform all database (http://foodallergens.ifr.ac.uk/) (2) . In sensitive individuals, exposure to allergens leads to allergic responses via a two-stage process. In the first stage of contact, the immune system produces IgE and IgG, which are connected to areas of basophils and mast cells in epithelial tissues. This material provides activation signals for B-cells and stimulates their proliferation. These cellsin turn stimulate IgE synthesis. In the second phase of contact, inter connections between the allergens and IgE arecreated on mast cell sand basophils, causing the release of histamineand clinical effects such as sneezing, runny nose, and itchy eyes and skin (1, 2) .
Among the 29 protein families of pollen allergens, expansins constitute the major pollen allergen (ubiquitous plant cell wall glycoproteins (2, 6) ), profilins, and calciumbinding proteins or polcalcin family (7, 8) . Allergen compounds present in pollen due to humidity, high winds, heavy rains, the accumulation of pollutants, environmental temperature and pH variation, and the surrounding dust can enter the respiratory system and cause various types of allergic diseases (9) . Non-protein compounds, including flavonoids, alkaloids, and anthocyanins, which are essential oils of plants, particularly aromatic compounds of petals, are sometimes allergenic. These secretory products are made in specialized structures called secretory cells and secretory structures (10) (11) (12) . Secretory structures include external secretory structures (secretory fluffs and glands) and internal secretory structures (laticifers and secretory cavities and ducts) (10, (13) (14) (15) (16) . Secretory cells can be found as epithelial secretory fluffs and/or non-professional parenchymal cells (6, 16) . Epithelial fluffs result from distension of some epithelial cells that are derived either from simple lengthening of the above mentioned cells and/or are made from several cells that are the result of original epithelial cell proliferation (17) . These secretory cells are more often observed in dicotyledonous plants (approximately 20 families) than in monocoty ledonousones (16) .
C. scoparius flower can be planted as ornamental plants. This beautiful and extremely fragrant flower is native to Europe and North Africa and has subsequently spread to Asia (18) (19) (20) . The flowering period is between the months of May and June (19) (20) (21) (22) (23) (24) . Since seasonal sensitivities increase in the spring and allergic reactions occur in sensitive people, especially children and the elderly, investigating allergenicity of the pollen grains and aromatic petalsin plants that pollinatein the spring is necessary. Because the pollen grains of this plant are carried by bumblebees and wasps (21, 24) , it is possible that pollen grains containing allergen compounds used in honey production can enter the human body (8, 25) . Our research in 2014, showed allergenicity petals of old ontogenical (26) . However, allergenicity of mature pollen grains and rate compared with the petals still unclear. Due to the similarity of guinea pigs' immune response to that of the humans (27) , guinea pigsare often used in skin disease (28, 29) , immunological, and recurrent disease research (30).
Objectives
In this study, buffered mature pollen extract and buffered extracts of petals at two ontogenic stages of old and middle-aged plants were tested on guinea pigs.
Materials and Methods
Sample collection of reproductive parts (flowers) of C. scoparius at two middle-aged and older ontogenic stages for the purpose of anatomical investigations, micrometerical slices, and developmental stages were collected from Hakim Sabzevary University between May and June 2011. Samples were collected between 9 am and 12 pm, when most cell divisions normally take place. Pollen grains were separated from anthers and stored at -20°C.
Preparation of the Microtomical Slices for Petal Developmental Studies
Petals were prepared at two middle-aged and older developmental stages by separation and subsequent stabilization with for maldehyde: acetic acid: ethanol (FAA) fixative and by applications of cytohistological methods.samples were embedded in paraffin and sectioned to a thickness of 8-10 µM, stained with hematoxylin and eosin, and viewed and photographed under a Zeiss optical microscope.
Preparation of Plant Extracts
To prepare the 16% extracts, 1 g each of pure pollen, middle-aged petal powder, and older petal powder were combined separately with 6 mL phosphate buffered saline (PBS). The resulting mixtures were stirred on a shaker for 24 hours at 4°C. Afterwards, the extracts were centrifuged at 13,000 × g for 45 minutes at 4°C. The resultant floating liquids were congested at 20°Cup to analysis.
Study of Allergenicity Potency of Mature Pollen and Petals at Two Ontogenic Stages of Middle-Aged and Older in C. scoparius L.
In order to perform the allergenicity tests, the guinea pigs were divided into four groupsand 100 µL of 16% extract (containing 50 µg of protein in PBS) were administered for 5 weeks (one injection per week). The negative control was injected with only PBS. Extracts were injected into the guinea pigs intra peritoneally in the groin area. At the end of the 5thweek, subcutaneous injections in the groin area were performed and the wheal diameter (white bumps) and flare (red halation around the wheal) were measured. For clinical and serological tests, blood was taken straightly from the hearts of the guinea pigs the week after the final infusion. Eosinophils digit (using the CBC machine and blood smears), the level of IgE in the serum (using ELISA), and blood sugar levels were determined.
Protein Electrophoresis
To separate the protein bands according to molecular weight, a 12% discontinuous SDS-PAGE was used. For gel staining and decolorization, Coomassie blue R-25 0.2% and a bleach solution, respectively, were used. Destained gels were stored in 7% acetic acid solution in a covered dish.
Data Analysis
Data were analyzed by ANOVA at a significance level of P ≤ 0.05 using the SPSS software.
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Results

Cytohistological and Ontogenic Study of Petals
Microscopic analyses of the secretory structures in the developmental stages of petals from middle-aged and older plants showed a similar pattern. The secretory structures of C. scoparius include pyramidal cells of the secretory epidermis (similar to hairs on rose petals) and simple protozoan-like fluffs in the apical regions (similar to the fluffs of Boraginaceae and Urtica dioica leaves) ( Figure  1 ). These secretory structures secrete fragrant essential oil containing alkaloids (16, 17) .
Study of Allergenic Effects of Mature Pollen and Petals at Two Ontogenic Stages of Middle-Aged and Older Plants of C. scoparius L.
Allergic reactions to mature pollen grains and petals from two developmental stages of middle-aged and elderly C. scoparius were investigated by skin, clinical, and serological tests. Results of the skin test and wheal diameter showed that the strongest effect of extracts was observed 1 hour after injection. Wheal diameter in the skin test in response to all protein extracts compared to the control (buffer) was significantly larger (Figure 2 ). The maximum wheal diameter was associated with pollen extract, followed by middle-aged petal extract ( Figure 3A -3D ) and the minimum wheal diameter was associated with older petal extract. Following the injection of extracts, outward allergic signs, such as itching, tearing, reddening of the eyes, sneezing, and shaking of the body occurred. The greatest severity of symptoms was observed in the pollen extract, followed by the middle-aged petal extracts. In clinical tests, the levels of IgE, number of eosinophils, and blood sugar levels showed significant changes relative to the control samples. Blood IgE level is one of the best indicators of an allergic reaction. Measurement of blood IgE showed that the highest IgE level was in the blood of the pollen extract treated group (8.477 IUmL-1), followed by the blood of the middle-aged petal extract treated group (4.087 IU mL-1), a significant increase compared with control IgE levels (0.583 IU ml-1; P < 0.05). The lowest IgE level was observed in the blood of older petal extract treated group (2.421IU ml-1; Figure 4 ). The highest percentage of blood eosinophils was associated with pollen extract (15.4%) and lowest was associated with older petal extract (4.5%; Figure  5 ). The percentage of blood eosinophils in animals treated with petal extract of middle-aged plants (9.2%) was greater than that of animals treated with old petal extract. The differences in these means were significant at P < 0.05. Blood sugar level in guinea pigs is normally150 mgdL-1. This value increased to 159 mgdL-1, 203 mgdL-1, and 223 mgdL1following injection of old petal extract, middle-aged petal extract, and pollen extract, respectively. These differences were significant at P < 0.05 ( Figure 6 ).
Study of Electrophoretic Profile of Pollen and Petal Proteins
The electrophoretic profiles of pollen and petal soluble proteins of C. scoparius showed differences between treatments (i.e., middle-aged petal proteins and older petal proteins from pollen) such that most protein bands were observed in the pollen proteins (approximately six bands between the range of 15-85 kDa), followed by the middle-aged petal proteins (approximately four bands between 27-85 kDa). Some samples included a band of approximately 46 kDa and 54 kDa, which was observed in both pollen proteins and elderly and middle-aged petal proteins. In the soluble proteins of middle-aged petals, two highlighted protein bands with molecular weights of approximately 27 and 40 kDa and two pale protein strips of nearly 54 and 85 kDa were observed. Older petal proteins included three pale protein bands of 46, 54, and 85 kDa and contained the lowest protein bands. Differences between electrophoretic profiles of associated proteins were dose-dependent, as were differences in the number of bands (Figure 8) .
Discussion
As demonstrated by our results, it is likely that some of the compounds in the secretory structures of the petals, including pyramidal cells of the secretory epidermis and simple protozoan-like fluffs, have allergenic properties to induce IgE production in the body. In addition, TNF-α increases the number of eosinophils and raises blood sugar levels causing allergic symptoms in people with sensitivities to the cytisus flower. Our studies are in agreement with Beck (14) , Vassilyev (17) , Schonenberger and Balthazar (16), Majd et al. (31) , and Amiri et al. (13) . According to Sundararajan and Koduru (32), Senthilkumaran et al. (33) , and Bunsupa et al. (34) , aromatic oils secreted from secretory structures of the cytisus flower petals are quinolizidine alkaloids, which contain cytisine, sparteine, isospartein, and scoparinglycosides. It is likely that the severe allergenicity of cytisus flower petals is due to the secretion of the same alkaloids from its secretory structures. Statistical analysis of wheal diameter changes showed a significant increase in all parameters for all treatment groups compared to the buffer only control group (P < 0.01) (9, 31, (35) (36) (37) ). An increase in wheal diameter is indicative of allergic reactions. In a chrysanthemum plant study, it was shown that blood sugar levels rise during an incidence on allergic reaction (38) . Our findings showed an increased in blood sugar levels in the serologic tests for all treatment groups compared to the control group, but significant changes in the pollen (P < 0.001) was the intensity more than of the middle-aged petal (P < 0.01). It seems that because of the energy required to initiate a cascade of enzymatic and metabolic processes is due to an allergy. The percentage of eosinophils and IgE increased in the treatment groups. significant changes in the pollen (P < 0.001) was the intensity more than of the middle-aged petal (P < 0.01). These results are noteworthy in confirm of the pollen grains and the petals allergenicity and is according to reports of Aiubi et al. (10), Olivier (11) and Basketter and Kimber (28) , that an increase of IgE know reason to be allergen. In addition, Majd et al. demonstrated that the buffer extract of Narcissus tazetta L. cause allergenicity that is associated with an increase in eosinophils levels in the blood (31) . Evaluation of the soluble protein electrophoretic profiles showed apparent differences in the staining intensity of the protein bands in the extracts such that the most numerous and most intense protein bands were seen in the mature pollen grains. This represents the continuation of protein synthesis and accumulation of protein until the final stages of pollen maturation and shows the influence of pollen size and structure of the sporoderm on pollen protein content.
In the study of protein bands, we observed proteins that were between 46 and 55 kDa in the pollen, middle-aged petals, and older petals. Salehi et al. (39) also observed bands in the same area in the same plant as an allergen band. Thus, all of the extracts have potential allergenic effects. However, because of the difference in the number Data are shown as mean ± standard deviation of the average. A, control; B, extract of older petals; C, middle-aged petal extract, and D, mature pollen extract. ** P < 0.01 and * P < 0.05 compared to the control group. In control and treated groups n = 3.
and intensity of the bands, we concluded that the greatest allergenicity was present in the mature pollen, followed by the middle-aged petals. The lowest protein bands and consequently, the lowest allergenic effect, were visible in the older petals. Therefore, apart from the pollen grains, the allergenic effect of the petals was less intense when Data are shown as mean ± standard deviation of the mean. *** Indicates P < 0/001 and ** indicates P < 0/01 in compared to the control group. In control and treated groups n = 3. A, Control; B, extract of older petals; C, middle-aged petal extract; D, mature pollen extract. grains. Therefore, C. scoparius has greater allergenicity at the middle-aged than at the older stage. C. scoparius allergenicity, caused by pollen grains and petals, is consistent with type I hypersensitivity mechanisms (reactions that occur 30-60 minutes after allergen entry into body). It has been demonstrated that the allergenicity of pollen grains is due to some proteins, glycoproteins, and pollen coat proteins (9, 38, 41) . Allergenic proteins have molecular weights between 10-70 kDa. Exposure to some pollen allergen proteins in the intine, particularly under pores and colpi of the exine, exine cavities, and anther linings have been reported (10, (42) (43) (44) . This could facilitate the release of pollen allergenic substances through the pores. Since our results indicate that both the pollen and petals of C. scoparius are severel yallergenic, it is recommended to avoid planting C. scoparius in areas surrounding hospitals and locations populated by children. On the other hand, the flowering period of the cytisus plant is during months that occur simultaneously with the pollination of plants such as acer, cersis, platanus, robinia, and fraxinus. This may increase allergenicity by creating cross-reactivity. Therefore, based on a study by Shamsbiranvand (2014) , planting on the margin of freeways and between boulevards, where there is no direct access to the plant, as a single culture is recommended (45) .
